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Abstract 
Background: We performed a liver transplant (LT) with a graft from a 52-year-old donor of 
blood group O who was HCV viremic. The recipient was a 52-year-old male with blood group 
A, HCV-related cirrhosis and hepatocellular carcinoma.  
Methods: A liver biopsy performed on post-LT day 9 revealed acute T-cell-mediated 
rejection and the patient received three 1.0-g boluses of methylprednisolone. On day 9, the 
hemoglobin level dropped and the direct antiglobulin test became positive. Passenger 
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lymphocyte syndrome (PLS) with immune hemolysis was diagnosed. Plasma exchange with 
intravenous immunoglobulins and rituximab were used to remove circulating antibodies. 
Despite this aggressive strategy, due to the pattern of cholangitis lenta, the patient 
underwent re-LT on day 40. 
Results: The immune hemolytic anemia was related to the blood-group compatible but non-
identical LT, suggesting a transfer of functionally active donor B cells, also known as PLS. 
Intrahepatic lymphocytes are not removed from the liver tissue by pre-LT perfusion, and 
engraftment of lymphocytes is facilitated by a higher lymphoid tissue relative mass within 
the graft. In particular, the liver of our HCV-positive donor was rich in lymphoid follicles, one 
of the most characteristic features of chronic hepatitis C. Furthermore, liver-associated 
lymphocytes located in the sinusoids and in the portal tracts, predominantly of T-type, may 
have increased the immunogenicity of our graft.  
Conclusions: Our case could be a proof of concept that transplanting a liver graft with 
chronic hepatitis C in ABO compatible but non-identical recipient may increase the risk of 
graft versus recipient and recipient versus graft immune-mediated reactions. 
Keywords  
Passenger lymphocyte syndrome; immune hemolysis; T-cell mediated rejection; donor-
specific antibodies; rituximab 
 
Hepatitis C viremic donors represent a precious resource to reduce the discrepancy between 
transplant candidates and available organs. As of current day, only 16.9% of hepatitis C virus 
(HCV)-positive cirrhotic patients in the U.S. receive an organ from a HCV-positive donor [1]. 
In July 2017, we performed the 2998th liver transplant (LT) on a 52-year old male affected by 
HCV-related cirrhosis. The donor was a 52-year-old female of blood group O Rhesus (Rh) positive 
(negative direct antiglobulin test and anti-A IgG titre 1:32), who died due to cerebral haemorrhage. 
She was HCV-positive, genotype 1b (HCV-RNA 3,035,754 IU/mL), and inexperienced to antiviral 
therapy. Abdomen ultrasound showed normal liver and spleen. Platelet count was 241 x 109/L, 
total bilirubin 0.5 mg/dL, INR 1.2, aspartate/alanine aminotransferase 34/20 IU/L, gamma-
glutamyl transferase 61 IU/L. On retrieval, the liver biopsy displayed mild periportal interface 
hepatitis and moderate portal inflammation with fibrous expansion of most portal areas (Ishak 
score: grading 4/18, staging 2/6) (Figure 1A). Immunostaining showed 50% of T (Figure 1B) and 50% 
of B lymphocytes; the latter was organized in characteristic lymphoid follicles close to the portal 
tracts (Figure 1C). 
The recipient, who signed an informed consent, was a 52-year old male with blood group A Rh+ 
(with negative direct antiglobulin test), HCV-related cirrhosis (genotype 1b, relapser to 
sofosbuvir/ledipasvir), and radiological Milan-in hepatocellular carcinoma. At LT, the Model for 
End-stage Liver Disease score was 8, and HCV RNA was 623,149 IU/mL. Liver explant pathology 
identified trifocal Milan-out hepatocellular carcinoma with microvascular invasion, grade IV 
according to Edmondson and Steiner classification.  
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The panel-reactive antibody rate was 0%, and crossmatches were negative for T and B cells. 
Human Leukocyte Antigen (HLA) typing showed six antigen mismatches, and the donor was 
heterozygous at all loci. 
 
Figure 1 Microscopic features of the liver biopsy performed at procurement on the HCV-
positive donor. (A) Mild periportal interface hepatitis (arrowheads), moderate portal 
inflammation with lymphocytic aggregates (empty arrow), and fibrous expansion of 
portal areas (asterisk). Grading 4/18 and staging 2/6 according to Ishak score 
(hematoxylin-eosin staining, x100 magnification). (B) Immunostaining with anti CD3 
(empty arrows) showed 50% of T lymphocytes (x200 and x25 magnifications). (C) 
Immunostaining with anti CD20 (empty arrows) showed 50% of B lymphocytes, which 
were organized in typical lymphoid follicles close to the portal tracts (x200 and x25 
magnifications). 
Cold ischemia time was 491 minutes and end-to-end biliary anastomosis with T-tube was 
performed. During the transplant he received 3 red blood cell units of type A Rh+.  
Post-reperfusion biopsy revealed a moderate ischemia-reperfusion injury. Immunosuppression 
consisted of tacrolimus, mycophenolate mofetil, and steroids. The immediate graft function was 
very satisfactory (early AST/ALT peak was 538/262 IU/L; bilirubin 2.1 mg/dL, INR 1.0, creatinine 1.1 
mg/dL on post-LT day 3), but total bilirubin increased to 7.1, 15.0 and 38.6 mg/dL on post-LT days 
5, 7, and 9, respectively (Table 1). Biliary tract and vascular complications were ruled out by 
abdominal ultrasound. A liver biopsy performed on post-LT day 9 revealed acute T-cell-mediated 
rejection (Rejection Activity Index 7) [2] (Figures 2A and 2B) with marked expansion of triads by 
mixed infiltrate, most bile ducts infiltrated by inflammatory cells, subendothelial infiltration 
involving most portal and hepatic venules, and microvascular inflammation (Figure 2C). 
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Immunostaining showed 60% T and 40% B lymphocytes. The patient was given three 1.0-g boluses 
of methylprednisolone.  
 
Figure 2 Liver biopsy performed on day 9 after LT. (A) and (B) Acute T-cell mediated 
rejection (Rejection Activity Index 7) with marked expansion of triads by a mixed infiltrate 
(asterisk); most bile ducts are infiltrated by inflammatory cells (arrowhead), 
subendothelial infiltration involving most portal and hepatic venules (arrow) [(A), 
periodic acid-Schiff reaction with diastase digestion staining, x100 magnification; (B), 
hematoxylin-eosin staining, x200 magnification]. (C) Inlet venules microvascular 
inflammation (arrows) (hematoxylin-eosin staining, x400 magnification). 
On day 9, the hemoglobin level dropped to 7.6 g/dL from 10.1 g/dL in the absence of significant 
blood loss, and 4 red blood cell units (2 type A Rh+ and 2 type O Rh+) were transfused. On day 10, 
the peak bilirubin level was 64.6 mg/dL (half indirect bilirubin), lactate dehydrogenase was 2621 
IU/L, and haptoglobin decreased. The direct antiglobulin test became strongly positive for IgG and 
C3d and serum, and eluate prepared from red blood cells showed the presence of anti-A 
antibodies (Table 1). Passenger lymphocyte syndrome (PLS) with immune hemolysis was 
diagnosed [3]. The nadir hemoglobin level was 7.2 g/dL on post-operative day 11, and 6 red blood 
cell units (O Rh+) were transfused between post-LT days 10 and 14 to maintain a hemoglobin level 
around 9.0 g/dL.  
Before LT, donor-specific antibodies (DSA) were negative. On day 10, the patient had circulating 
de novo DSA directed against class I HLA antigen (anti-B8, detected by Luminex, mean 
fluorescence intensity 8000); this suggests a possible antibody-mediated component of rejection 
[2], even if the liver C4d immunostaining was negative. 
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Table 1 Laboratory parameters and therapeutic interventions from day-1 after liver transplant and at re-transplant on day-40 
 
Day1 Day3 Day5 Day7 Day8 Day9 Day10 Day11 Day13 Day15 Day21 Day28 Day35 Day40 
White cell count 
(109/L) 
9.9 10.3 6.4 8.9 12.3 25.9 48.6 47.6 19.7 14.3 14.2 10.5 8.1 7.3 
Hemoglobin (g/dL) 13.4 13.7 11.7 11.3 10.1 7.6 10.1 8.6 10.0 10.1 8.4 7.7 7.8 7.7 
Platelet count 
(109/L) 
116 105 88 87 129 313 431 353 126 102 197 150 206 78 
AST (IU/L) 538 175 36 26 24 39 166 60 23 32 69 69 79 65 
ALT (IU/L) 262 329 132 81 64 62 95 50 32 41 117 108 125 89 
LDH (IU/L) 1,258 455 331 383 371 257 2,621 1,792 582 391 523 342 362 343 
GGT (IU/L) 93 261 628 800 714 665 517 188 137 248 578 468 692 346 
ALP (IU/L) 104 172 311 309 263 257 262 159 87 76 183 214 310 200 
Total bilirubin 
(mg/dL) 
3.9 2.1 7.1 15 20.3 38.6 64.6 61.5 25.8 14.8 17.0 15.3 16.0 19.6 
Indirect bilirubin 1.0 0.5 0.8 1.5 2.9 7.9 30.0 10.3 4.2 2.4 2.4 1.3 1.3 2.3 
Biliary output  
(mL/day) 
70 80 140 120 160 120 50 100 260 220 160 150 60 / 
INR 1.5 1.1 1.1 1.1 1.2 2.0 1.9 0.9 1.2 1.2 1.4 1.2 1.3 1.2 
Lactate (mmol/L) 1.1 1.7 / 1.5 1.5 9.0 1.6 1.5 2.5 2.2 1.0 / / / 
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Creatinine (mg/dL) 0.8 1.1 1.0 1.0 1.1 1.2 0.6 0.7 1.0 1.1 1.1 1.2 1.2 0.9 
HCV RNA (IU/mL)   
 
370      207 168 17 <15 <15 









Anti-A titre   
 










    negative   
THERAPY for hemolysis and liver rejection 
Methylprednisolone  
(1 g, ev) 
 
Day 9, 10 and 11  
Plasmapheresis 
(fresh frozen plasma,     
42 mL/body weight) 
 
     Day 10, 11, 12, 13, 14, 15  
Immunoglobulin 
(400 mg/Kg, ev) 
 
Day 10, 11, 12, 13, 14  
Rituximab 















1 unit 7 units 
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; GGT, gamma glutamyl transpeptidase; ALP, alkaline 
phosphatase; HLA, human leukocyte antigen; MFI, mean fluorescence intensity; ev, endovenous.  
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In this complex immunological scenario consisting of graft-versus-host hemolysis and acute 
liver rejection, six daily plasma exchange sessions (42 mL/body weight plasma exchange, days 10-
15) were performed with intravenous immunoglobulins (400 mg/Kg, days 10-14) and rituximab 
(375 mg/m2, day 15, single dose) (Table 1) [4] to remove circulating antibodies. 
Despite this aggressive management strategy, which successfully reduced the serum immune 
hemolysis product concentration and prevented renal and multi-organ failure, total bilirubin 
stabilized around 15.0 mg/dL on day 15, and liver biopsies on days 21, 31, and 40 showed severe 
ductular cholestasis in the absence of signs of persistent rejection. Due to the pattern of 
cholangitis lenta, the patient was listed for re-LT with a Model for End-Stage Liver Disease score of 
20. Re-LT was successfully performed on day 40 with a virus-free liver graft from an ABO-identical 
donor. Liver explant pathology showed long standing cholangitis without rejection. 
From a virological point of view, the patient received sofosbuvir (400 mg/day) with velpatasvir 
(100 mg/day) plus ribavirin (weight-based) for 24 weeks starting on the day of the first LT.  
Ribavirin was discontinued for 7 days during immune hemolysis. The patient reached a sustained 
virological response at week 24 after the end of therapy. 
From the same donor, one kidney was transplanted into a HCV-viremic ABO-identical recipient, 
and the renal transplant was uneventful from an immunological point of view. 
From October 2002 to December 2017, among the 1,782 adult first liver transplants we 
performed, 50 blood group A patients received a liver from a blood group O donor. The rate of 
steroid-treated early T-cell-mediated rejection was 16% (8/50). It is worth noting that in addition 
to the case just described, only one other patient who received a viremic liver (HBsAg positive, 
Ishak score: grading 3/18 and staging 1/6) developed PLS, T-cell mediated rejection, and DSA and 
was successfully treated with steroids, thymoglobulin, and rituximab in the first month after LT. 
The immune hemolytic anemia, which occurred in our patient, was related to the blood-group 
compatible but non-identical LT, suggesting a transfer of functionally active donor B cells, also 
known as PLS [3]. PLS is a type of graft-versus-host disease, where donor immunocompetent 
memory B lymphocytes escape from immune surveillance of the immunosuppressed recipient and 
are stimulated to produce antibodies against red blood cell antigens, causing hemolysis. In fact, 
our recipient developed de novo anti-A antibodies on day 9 after LT. Different to what happens 
with peripheral blood cells, intrahepatic lymphocytes are not removed from the liver tissue by pre-
LT perfusion, and engraftment of viable lymphocytes is facilitated by a higher lymphoid tissue 
relative mass within the graft [5].  
In particular, the liver of our HCV-positive donor was rich in lymphoid follicles close to the 
intrahepatic portal areas, mainly consisting of B cells, which represent one of the most 
characteristic features of the histopathological pattern of chronic hepatitis C [6, 7]. 
A higher risk of hemolysis (up to 44%) has been described after group O to A LTs (3), and until 
now, no data have been reported with HCV or HBV viremic donors.  
A recent retrospective study at a transplant Center in Spain detected 12 PLS in a total of 1,217 
LTs, and 10 patients out of 56 LTs with ABO-compatible but non-identical, developed PLS (17.9%) 
[8]. In a prospective analysis of 11 ABO or Rh D mismatched LTs, ElAnsary et al. found 2 PLS with 
antibodies against ABO or Rh D in the serum or eluate [9]. 
Management strategies for PLS are anecdotal and are described only in single case reports and 
small series [3, 4, 8-10]. Therapeutic interventions include blood cell transfusion with donor 
compatible units during surgery and after LT, use of corticosteroids, plasmapheresis or red cell 
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exchange, intravenous immunoglobulins, monoclonal antibodies, such as rituximab, or even 
splenectomy [3, 4, 8-10]. 
In addition to the immune hemolysis, our patient also developed a reaction against the graft. 
Liver-associated lymphocytes located in the sinusoids and in the portal tracts, predominantly of T-
type, may have increased the immunogenicity of our graft. According to animal models, allogeneic 
leukocytes stimulate the alloresponse of the recipient, and memory T-cells produce gamma 
interferon, contributing to the induction of adhesion molecules and triggering an acute graft 
rejection [2, 5]. On the other hand, the T-cell mediated rejection, in association with hepatitis C 
infection, may have upregulated the microvascular HLA expression, thereby increasing the DSA 
target antigen density and providing a histological picture of de novo antibody-mediated rejection, 
which is unusual in ABO-compatible LT [2, 11-13]. Immune-mediated hemolysis may have also 
contributed to impair surveillance mechanisms for liver allograft antibody-mediated rejection 
resistance [2, 14, 15].  
The debate is still ongoing about the role of HLA matching between the LT donor and recipient 
in the genesis of acute rejection, and there are no current recommendations regarding its routine 
use in matching liver grafts [16]. Increasing the number of mismatches is associated with 
increased risk of acute rejection, although graft survival rates are similar [17]. In contrast, Muro et 
al. [18] analysed data from 342 LTs and reported that matching at HLA-A locus increased the risk 
of graft failure.  
In conclusion, our case could be a proof of concept that transplanting a liver graft with chronic 
hepatitis C in ABO compatible but non-identical recipient may increase the risk of graft versus 
recipient and recipient versus graft immune-mediated reactions. Such risk is most likely related to 
the mass of lymphocytes transplanted with the HCV-infected graft compared with virus-free grafts.  
In the current era of safe and effective direct-acting antivirals, prospective multicenter research 
protocols are urgently needed to transplant HCV viremic organs into non viremic-recipients [1], 
From our paper, it can be suggested that an ABO-identical match may be a better choice in this 
specific donor subset. 
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